It has recently been suggested that the inhalation of coal in the absence of complicated coal workers' pneumoconiosis (CWP) or smoking can lead to disabling airways obstruction. The cause of such obstruction has been variously attributed to emphysema or bronchitis. The frequency of significant airways obstruction in a group of United States coal miners seeking compensation for occupationally induced pulmonary impairment was therefore determined. In a sample of 611 "Black Lung" claimants there was only one subject who was a non-smoker and who in the absence of other non-occupationally related diseases,-for example, asthma and bronchiectasis-had sufficient airways obstruction to render it difficult for him to carry out hard labour. An alternative explanation for his reduced ventilatory capacity other than coal dust or smoking may be available. If the inhalation of coal dust in the absence of smoking and complicated CWP ever induces sufficient ventilatory impairment to preclude a miner from working, it is indeed rare.
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The prolonged inhalation of coal mine dust may lead to three lung conditions-namely, coal workers' pneumoconiosis (CWP), silicosis, and industrial bronchitis.'2 Silicosis is uncommon and occurs only in roof bolters and those employed in transportation. Coal workers' pneumoconiosis is divided into simple and complicated forms with the first being recognised in life by a lengthy history of exposure to coal mine dust and the presence of small rounded opacities on the chest radiograph. Complicated pneumoconiosis occurs on the background of simple CWP and is characterised by the development of one or more large opacities greater than 1 cm in diameter. Whereas it is generally agreed that simple CWP has no effect on life expectancy, the higher stages of complicated CWP are associated with significant impairment and in some instances premature death.2 Industrial bronchitis is a non-specific response that occurs in any subject who has a lengthy and heavy exposure to particles of dust that are deposited mainly in the airways and whereas CWP and industrial bronchitis are often associated, the bronchitis often occurs in the absence of CWP or other pneumoconioses. 23 There is compelling evidence to indicate that in some subjects industrial bronchitis is associated with slight airways obstruction.34
For several years there has been a debate as to whether the long continued inhalation of coal dust in the absence of complicated CWP can lead to the development of significant and disabling airflow obstruction and if so by what means.56 For the most part when severe obstruction is found in a coal miner he virtually always is or has been a cigarette smoker, or failing that has complicated CWP. Rarely other coincidental diseases that are unrelated to occupation may cause obstruction-for example, bronchiolitis, bronchiectasis, and asthma. Some investigators claim that severe obstruction may uncommonly occur in nonsmoking miners and that when present it is due to emphysema that has been induced by the inhalation of coal dust rather than cigarette smoke.5 We therefore decided to ascertain how often significant airways obstruction was found in non-smoking coal miners without progressive massive fibrosis but who were seeking compensation for "Black Lung". Classification of the Pneumoconioses. Agreement as to the presence or absence of CWP between at least two or more of the readers from the selected group was necessary before a radiographic diagnosis of CWP was accepted.
Subjects and methods
Many subjects had multiple sets of spirometric tracings available, in some instances up to eight, and a similar number of blood gas determinations. Ventilatory capacity was assessed on a large number of different spirometers of which around 60% of those identified met the NIOSH criteria for accuracy and acceptability.9 Values varied immensely in the same subject, often over a short period. Validity was based on fulfillment of the American Thoracic Society (ATS) criteria for acceptability.10 Only when valid spirometric data were available was pulmonary impairment diagnosed. Fortunately, as mentioned, most subjects had undergone spirometry on multiple occasions and in most subjects at least one set of valid results was available. A clinically significant reduction of the ventilatory capacity was present when the forced expiratory volume in one second (FEVI), the forced expiratory volume (FVC), or the ratio of the FEV, to the FVC (FEVI/ FVC%) was 60% or less.'1 Results There were 611 claimants. Of this total there were 411 smokers or ex-smokers, 37 nonsmokers, and 163 for whom the smoking history was not available. The greatest number of cigarettes to which the claimant admitted smoking was accepted as the most realistic index as it was considered that few, if any, subjects would inflate their consumption. Many of the subjects in whom no smoking history was available had died suddenly and had subsequently had a postmortem examination carried out. Of those who had a smoking history taken on one or more occasions, 41% had a consistent smoking history. In 15% of miners who admitted smoking at one time either they or their surviving family subsequently maintained that they were lifelong non-smokers. A further 25% of subjects who were smokers underestimated their consumption by 5% to 50%, and 19% of the smokers underestimated the number of cigarettes smoked on at least one or more occasions by more than 50%. Of 25 subjects whose carboxyhaemoglobin concentration had been recorded at the time of the examination, and who said that they had given up smoking completely, nine had carboxyhaemoglobin values above 5%. In most instances the subject being tested had been in the pulmonary function laboratory or in the physician's office for at least an hour or often two hours before determination of the carboxyhaemoglobin content.
The mean number of chest radiographs in those who had been examined during life was 5-2. In many instances 10 or more interpreters had been involved in reading the various chest radiographs. Thus the number of interpretations per claimant was about 15. Similarly, spirometry had usually been performed on the average about six times per subject; however, a few had had their ventilatory capacity assessed for compensation purposes on up to 16 separate occasions, sometimes over a period of 15 or more years. Likewise, multiple blood gas determinations were carried out with the mean number of determinations being just over three. Around 10% of live claimants did not have blood gas determinations, however.
There were six non-smoking subjects with a clinically significant reduction of their ventilatory capacity as defined earlier. Of these six subjects, three had asthma, one of whom underwent repeat testing and was subsequently found to have normal values while in remission. A further subject had fibrosing alveolitis and another had bronchiectasis. One non-smoker had an FEV,/FVC ratio of 55%, although his FEVI was just over 60%.
No definite explanation for his obstruction could be determined from his medical records and the question as to whether dust exposure itself was likely to have caused the disease was considered. He had worked for a short time only at the coal face, although he had worked underground. His chest radiograph did not show CWP. Of those whose smoking history was not known, 16 fulfilled Heart disease and stroke were often found and usually associated with obesity and cigarette smoking. Under the heading sundry causes of death and other diseases found at death, a variety of conditions was noted, including a few deaths from trauma. There were 144 subjects who were examined and found to have no discernible disease likely to cause chest symptoms or who had a normal ventilatory capacity and blood gases. the criteria. In 11 of the 16 an adequate explanation for the reduced ventilatory capacity was available from their medical recordsnamely, fibrothorax, interstitial fibrosis, lung resection, etc. Of the remaining five, none had CWP. In the smokers slightly over 30% of those with reliable spirometric data met the criteria. Table 1 shows this relation of smoking to the prevalence of CWP as diagnosed by chest radiography and significant pulmonary impairment. Thirty two per cent of those with category 1/0 or greater had irregular opacities reported as present in their chest radiograph. As such, these opacities are not related to the coal content of the lung but to other factors. 12 Of the group of 611 subjects who either made a claim themselves or for whom a claim was rendered, 80 had died. Table 2 lists the various conditions found during life and at death. In many instances, more than one morbid condition was present during life or at death. Thus coal workers' pneumoconiosis, heart disease, and emphysema were frequently associated. Similarly, lung cancer and emphysema frequently coexisted. For this reason the total diseases found under the column at death add up to more than the number of subjects who underwent a complete or partial postmortem examination. In no instance was there a non-smoker who died from emphysema or cor pulmonale and the only non-smoking subject who died of a lung condition had interstitial fibrosis (fibrosing alveolitis). All but one of the claimants in our study professed respiratory symptoms and the solitary exception had been told to apply for Black Lung benefits by a lawyer. Many had serious and life threatening diseases, hardly any of which were related to inhalation of coal dust. Only 65 of the 611 claimants (10-6%) had CWP, this being around the same frequency of coal workers' pneumoconiosis noted in Appalachian miners between 1960 and 1970.14 As expected, most subjects claiming disability were older men but none had complicated CWP, presumably because the presence of CGW automatically qualifies the applicant for benefits for total and permanent disability from the Department of Labor.
Of those whose smoking history was known, 411 of the 448 (91%) were smokers or ex-smokers. The average percentage of smokers and ex-smokers in the United States working population at the present time is around 40%; however, around 60% to 65% of United States coal miners were smokers in the late 1960s and early 1970s. '5 16 In a substantial number of subjects there was no smoking history or it was not recorded. Some subjects had died abruptly and undergone a postmortem examination to ascertain whether CWP was present and as a result no smoking history was available. The excessively high frequency of cigarette smoking in the group would explain the high prevalence of heart disease and chronic airflow limitation. By contrast the relative rarity of significant chronic airflow limitation in non-smokers is very obvious. Only one non-smoking subject had significant obstruction for which no obvious explanation was apparent. The obstruction, however, was not severe and would not qualify him for SSA or DOL benefits. He had not been seen or examined by any of us and his medical history was incomplete. Although he had no radiographic evidence of CWP, it was possible that he may have had a previous attack of bronchiolitis or could have had bronchiectasis, or there may have been some other explanation for his airflow limitation.
In those for whom a smoking history was not available, there were five subjects who had significant obstruction according to the given criteria. None of these had CWP. All five of those with significant airways obstruction may have been smokers but there was no indication that this was so from the scanty records of these subjects.
Seaton has suggested that the inhalation of coal dust in the absence of cigarette smoking or of complicated CWP may cause significant airways obstruction by inducing centriacinar, or as it is sometimes called, centrilobular emphysema.6 We accept that coal miners have an excess of emphysema over and above that seen in the general population. This was shown by Gough and Heppleston many years ago,'7 18 and has subsequently been confirmed by the US Public Health Service studies which showed that simple CWP in nonsmokers was associated with an increase in the residual volume and total lung capacity and in some instances with a slight to moderate loss of elastic recoil.'920 Furthermore, Hankinson and colleagues, who were working in the Appalachian Laboratory for Occupational Lung Disease (ALFORD) at the same time showed that simple CWP was associated with an increase in air space size.2' These workers were, however, unable to demonstrate that the increased size was associated with a reduction in ventilatory capacity. Although the increase in residual volume that is found in non-smoking coal miners with and without simple CWP can be explained by the presence of industrial bronchitis, the bronchitis cannot explain the increase in total lung capacity that was found in smoking coal miners. 4 The increased total lung capacity must be a consequence of the fact that there is a decreased elastic recoil of the lungs.
There is little doubt that cumulative exposure to respirable coal mine dust is associated with a greater prevalence of both CWP and of fibrosis, and that the severity of the fibrosis is related to the category of simple CWP. Similarly we accept that the higher the category of simple CWP, the more extensive is the emphysema. We differ, however, with Seaton when he goes on to infer that the emphysema that may be present of necessity causes the airways obstruction, which may affect both smoking and non-smoking miners.6 Were this the case the FEVy should decrease as the category of simple CWP increases in the same manner as the residual volume and total lung capacity increase with increasing category of CWP. It has been shown repeatedly, however, that the FEV1 is not affected by increasing category of simple CWP.220 By contrast, the extent of emphysema induced by cigarette smokers in both miners and non-miners is clearly related to the decrement in FEVI, and to the increment in residual volume and total lung cancer.4 15 19 20 22 Others argue that because there is a decrement in the FEV1 that is related to lifetime dust exposure and also to the extent of any emphysema present, it is reasonable to infer that there is a cause and effect relation between the decrement in FEV1 and the extent of centracinar emphysema.67 Seaton suggests that it is plausible for the decline in FEVy to be related to emphysema and that the emphysema must be caused, at least in part, by exposure to coal dust.6 In smoking miners, as dust exposure increases, so also does cigarette smoking and the two are collinearly related. Seaton relies on a report by Ruckley et al 23 to support his view, but the data in the report do not seem to support his contention. Ruckley et al describe 257 miners who underwent postmortem examination, some of whom had respiratory function tests carried out in life.2' Not all of the 257 miners had pulmonary function tests within the last five years of life, however, and thus many were excluded. Of the 257 miners, there were only two nonsmokers who had emphysema in the absence of CWP. The extent of the emphysema in these two subjects was not mentioned, but the authors state in their methods that they accepted the presence of significant emphysema when it had affected as little as 1/30th of the lung. As such, this would include many subjects who had emphysema with no functional significance and no symptoms as usually at least 20% to 30% involvement is necessary before symptoms occur.22 24 The authors also state that emphysema was uncommon in non-smokers younger than age 65 unless they had progressive massive fibrosis. They go on to state that "this suggests that non-smokers with the highest lifetime exposures at British collieries have a lower risk of developing centriacinar emphysema than a smoker with a minimal dust exposure." They also argue that bronchitis is not responsible for the decrement in FEV1 that occurs in coal miners as compared with other occupations and quote Fletcher et al 22 in support of their view that the investigations of these workers showed that air flow obstruction and mucus hypersecretion were largely independent processes, and that mucus hypersecretion was not associated with significant airways obstruction. In the next paragraph, however, Ruckley et al indicate that the Reid Index, the best measure of the severity of the bronchitis, in their series was particularly associated with a reduction in the FEV1 as also was the FEV1/FVC%.3 They then inferred that the increased Reid Index might reflect a disturbance in the larger airways, something that we had suggested many years previously.34 It is abundantly clear, from both our findings in the present study of disability claimants, and from the findings of Ruckley et al,23 that significant airways obstruction is indeed rare in coal miners in the absence of progressive massive fibrosis or cigarette smoking. This is borne out in a study of working United States coal miners that included 9076 subjects from 31 mines and 10 states. 25 In the subjects who were over the age of 50, and in whom the prevalence of CWP and airways obstruction was greatest, 20% met the existing Department of Labor disability criteria and 25-3% of a similar non-mining population met the standard. Since that time the criteria for total disability have been made significantly more stringent.
One of the unfortunate consequences of the Federal Black Lung Acts has been to add to the cost of Appalachian coal. This along with other factors has led to a situation in which coal can no longer compete with oil. These various additional costs have contributed to the closure of something like 60% of the coal mines in Appalachia with an equivalent massive reduction in the work force. Finally, if, as we believe, the claimants whom we studied or whose records we reviewed constitute a reasonably representative sample of Black Lung claimants, then it follows for the most part that the impairment and disability found in those claiming Black Lung benefits have a non-occupational origin, and as such they should be compensated but in the same manner as are similarly disabled non-miners. 
